Background and objectives The vast majority of US dialysis facilities are for-profit and profit status has been associated with processes of care and outcomes in patients on dialysis. This study examined whether dialysis facility profit status was associated with the rate of hospitalization in patients starting dialysis.
Introduction
There has been considerable debate about whether and the extent to which the profit status of a health care organization is linked to quality of care or outcomes in the United States. Persuasive arguments can be made for either a detrimental or favorable influence of for-profit status on outcomes. The economic incentives inherent to for-profit organizations may not align with delivery of high-quality care, but alternatively, for-profit organizations may provide more efficient, innovative care and invest capital to achieve these goals (1) . This debate is particularly relevant to the care of patients on dialysis, a unique health care sector in which .80% of dialysis facilities are forprofit (2) and in which the Prospective Payment System and Quality Incentive Program implemented by the Centers for Medicare and Medicaid Services (CMS) are likely to influence the delivery of dialysis care.
Several prior studies have examined the association between dialysis facility profit status and processes of care or selected outcomes. A systematic review and meta-analysis examining data from 1973 through 1997 found for-profit hemodialysis care to be associated with a higher risk of mortality (3) . When more recent data from 2004 through 2006 were examined, Zhang et al. also found a higher risk of mortality among patients on hemodialysis receiving care at for-profit, free-standing dialysis facilities (4) . Although several studies have focused on the relation between dialysis ownership and death, few studies have focused on other important outcomes such as hospitalization and referral for, or receipt of, kidney transplantation.
Hospitalization is a particularly important outcome to consider because ESRD requiring dialysis is associated with high rates of hospitalization, with a median of two hospitalizations per year and 12 days spent in the hospital annually (5) . Care at for-profit dialysis facilities has been associated with more hospital days (6) and lower likelihood of being placed on the waiting list for kidney transplantation (7) . However, to our knowledge, no studies of hospitalization have been reported since the ownership of dialysis facilities has been largely consolidated by two large, for-profit entities. Our study sought to examine whether dialysis facility profit status was associated with the rate of hospitalization after accounting for geographic region and patient characteristics.
Materials and Methods

Study Design and Participants
We conducted a retrospective cohort study using the US Renal Data System (USRDS), an administrative database that includes the vast majority of patients receiving care for ESRD in the United States. We included all adults (aged 18-100 years) starting dialysis between January 1, 2005 and June 30, 2008. Patients who died, received a kidney transplant, recovered kidney function, or were lost to follow-up in the first 90 days of dialysis were excluded. We limited the cohort to patients with Medicare as the primary payer (Part A and Part B) on day 91 of dialysis and with at least one institutional claim, which includes dialysis-related claims, during the 180-day period after the start of our study. The cohort was further restricted to patients receiving in-center hemodialysis or peritoneal dialysis at a freestanding dialysis facility with known profit status on day 91 of dialysis (i.e., excluding patients receiving care at hospital-based facilities and the ,1% of patients on home hemodialysis), and with available data from the Medical Evidence Form (CMS 2728) version 2005 ( Figure 1 ).
Data Collection
Patient-and facility-level data were collected from the USRDS Standard Analytic Files (8) . Patient-level data included demographics, comorbidities, vascular access type at start of dialysis, selected laboratory measures obtained before the start of dialysis, residence at an assisted living, skilled nursing or other facility, nephrology care before ESRD, and dialysis modality on day 91. Facility-level characteristics included profit status (for-profit, nonprofit), chain ownership defined by the USRDS as $20 facilities in $2 states owned by the same corporation (8) , state, and ESRD Network. We defined region based on ESRD networks as follows: Northeast, networks 1, 2, 3, and 4; South, networks 5, 6, 7, 8, 13 , and 14; Midwest, networks 9, 10, 11, and 12; and West, networks 15, 16, 17, and 18.
Exposure and Outcome
The primary exposure of interest was facility profit status. The primary outcome of interest was the rate of allcause hospitalization after the first 90 days of dialysis. The cohort was followed longitudinally for all-cause hospitalization(s) through December 31, 2009. Patients were censored at the time of transfer to a facility associated with a change in profit status or region (n=13,913), transfer to a hospital-based facility (n=28,553), or change in dialysis modality (n=9054). Patients were followed until transplant (n=3778), recovery of kidney function (n=2121), loss to followup (n=973), death (n=45,792), or study end (n=46,458).
Statistical Analyses
We compared baseline characteristics using the t test or the chi-squared test. All analyses were stratified based on dialysis modality: in-center hemodialysis or peritoneal dialysis. First, we examined unadjusted all-cause hospitalization rates per 100 person-years for nonprofit and forprofit dialysis facilities by region. The relative rate (RR) or risk of hospitalization(s) in for-profit compared with nonprofit facilities was modeled using Poisson regression adjusted for patient-level factors including demographics (age, sex, race, ethnicity), comorbidities (congestive heart failure, atherosclerotic heart disease, cerebrovascular disease, peripheral vascular disease, hypertension, amputation, diabetes, chronic obstructive pulmonary disease, cancer, inability to ambulate or transfer), residence at a skilled nursing, assisted living, or other facility, current tobacco use, prior nephrology care, and estimated GFR (eGFR) based on the four-variable Modification of Diet in Renal Disease study equation (9) and region. Because a large proportion of participants had missing data on serum albumin (23% and 22% for hemodialysis and peritoneal dialysis, respectively), we performed analyses with and without serum albumin. We examined Poisson models with and without accounting for overdispersion and also explored generalized linear mixed Poisson models with facility-specific random intercepts to account for facility (cluster) effects. The results and conclusions were similar across each of the models, so we selected the Poisson model accounting for overdispersion as the primary model. Overdispersion is typical in count data and was evident with our data; thus, we accounted for overdispersion in our modeling to provide valid inference. Only those patients with complete data on the variables of interest were included in the multivariable models. An additional 533 hemodialysis and 30 peritoneal dialysis patients with missing eGFR were not included in the final multivariable models.
We conducted multiple sensitivity analyses to assess the robustness of our findings. First, we conducted a sensitivity analysis that included an indicator of socioeconomic status, dual Medicare and Medicaid eligibility, to assess whether the findings changed when considering socioeconomic status. To examine whether discontinuation of patient followup at the time of change in profit status, transfer to a hospital-based facility, change in dialysis modality, or transfer to a new region introduced bias into our estimates, we conducted a sensitivity analysis that did not censor follow-up time when these events occurred.
In companion analyses, from the 15 leading causes of hospitalization, we identified types of hospitalizations that may potentially be modifiable by facility practices: congestive heart failure and volume overload, dialysis access related, and hyperkalemia. We identified International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes consistent with these diagnoses and expanded the ICD-9-CM codes examined to ensure complete ascertainment of these types of hospitalizations (see the Supplemental Material). We examined the principal discharge diagnosis to determine cause-specific hospitalization. We then compared patients in for-profit facilities with patients in nonprofit facilities, to see whether there were significant differences in the RRs of cause-specific hospitalizations after adjusting for region, demographics, coexisting illnesses, tobacco use, prior nephrology care, institutionalization, and baseline eGFR. The study was approved by the University of California Davis Institutional Review Board.
Results
After exclusions, the final cohort included 150,642 patients. Of these, 12,985 patients (9%) were receiving care in nonprofit dialysis facilities at day 91. Patient characteristics are shown in Table 1 . In adults on hemodialysis, baseline characteristics differed among those in forprofit compared with nonprofit facilities. The proportion of patients with hemodialysis catheters at the start of dialysis was higher in for-profit facilities, whereas the prevalence of atherosclerotic heart disease, cerebrovascular accident or transient ischemic attack, cancer, pulmonary disease, and inability to ambulate or transfer was significantly higher in nonprofit facilities. The proportion of patients with reported nephrology care before ESRD was higher in nonprofit facilities, and the distribution of patients by profit status differed by region. In adults on peritoneal dialysis, the prevalence of baseline chronic diseases was similar among patients in for-profit and nonprofit dialysis facilities. In patients on hemodialysis or peritoneal dialysis, a larger proportion of Hispanic adults received care in for-profit facilities and there was no difference in dual Medicare and Medicaid eligibility by profit status. The median follow-up time for patients on hemodialysis and peritoneal dialysis was 478 and 391 days, respectively, in our primary analysis.
Hemodialysis
The unadjusted hospitalization rates in nonprofit facilities and for-profit facilities were 146 and 169 per 100 person-years in patients on hemodialysis, respectively. ,0.001 ,0.01 , 6 13,147 (10) 1443 (12) 1245 (14) 129 (14) When region-specific unadjusted rates of hospitalization were examined, higher rates of all-cause hospitalization were observed in patients on hemodialysis receiving care in for-profit facilities in all regions, although the RR did not reach statistical significance in the Northeast (Table 2) . In fully adjusted models, patients on hemodialysis in forprofit facilities had a 15% (95% confidence interval [95% CI], 13% to 18%) higher RR of hospitalization compared with those in nonprofit facilities ( Table 3) . As expected, the presence of comorbidities such as diabetes, heart failure, and chronic obstructive pulmonary disease, inability to ambulate or transfer, residence in a care facility, and higher eGFR at the start of dialysis were associated with a higher risk of hospitalization (Table 3) . Nephrology care before hemodialysis was associated with a 12% lower rate of hospitalization.
Peritoneal Dialysis
The unadjusted hospitalization rates in nonprofit and for-profit facilities were 99 and 110 per 100 person-years, respectively, among patients starting peritoneal dialysis (Table 2) . Adjusted analyses showed nominally higher rates of hospitalization in for-profit facilities that did not reach the level of significance (RR, 1.07; 95% CI, 0.97 to 1.17) ( Table 4 ). Similar to observations in patients on hemodialysis, comorbidities including heart failure, diabetes, and chronic obstructive pulmonary disease, higher eGFR at the start of dialysis, and an inability to ambulate or transfer were associated with higher hospitalization rates.
Sensitivity Analyses
We found no substantive change in the association between profit status and risk of hospitalization when we adjusted for dual Medicare and Medicaid eligibility. Patients on hemodialysis in for-profit facilities experienced a significantly higher rate of hospitalization (RR, 1.16; 95% CI, 1.13 to 1.18), whereas patients on peritoneal dialysis did not (RR, 1.06; 95% CI, 0.97 to 1.16). Dual Medicare and Medicaid eligibility was independently associated with an 18% (95% CI, 17% to 20%) higher rate of hospitalization in patients on hemodialysis and a 24% (95% CI, 17% to 32%) higher rate of hospitalization in patients on peritoneal dialysis. In our sensitivity analysis allowing for follow-up, regardless of transfer to a facility with a different profit status, hospital-based facility, or new region or change in dialysis modality, we found that patients on hemodialysis in for-profit facilities had a significantly higher rate of hospitalization (RR, 1.08; 95% CI, 1.06 to 1.10) as did patients on peritoneal dialysis (RR, 1.08; 95% CI, 1.01 to 1.16). However, these results should be interpreted differently than those of our primary model, because the conclusions now only apply to those who start dialysis at a freestanding facility on either hemodialysis or peritoneal dialysis. For example, the findings with respect to peritoneal Data are presented as the mean 6 SD or n (%). Hospitalizations for Heart Failure, Vascular Access Complications, and Hyperkalemia When we examined leading causes of hospitalization in patients on hemodialysis that would potentially be influenced by dialysis facility care or related to processes of care, we found significant differences between for-profit and nonprofit facilities in adjusted analyses. The RRs of hospitalization for congestive heart failure or volume overload and for vascular access-related complications were significantly higher in for-profit facilities, whereas rates for hyperkalemia were similar overall (Table 5 ). When we restricted vascular access complications to those that only included infection or inflammation (ICD-9-CM 996.62), we found that patients on hemodialysis receiving care in for-profit facilities had a 22% (95% CI, 17% to 28%) higher adjusted RR compared with patients in nonprofit facilities.
Because of the relatively small number of patients on peritoneal dialysis and the lack of a statistically significant difference overall, cause-specific hospitalization rates among patients starting peritoneal dialysis were not examined.
Discussion
In our study, for-profit dialysis facility status was associated with higher risk of all-cause hospitalization in patients on hemodialysis starting dialysis with Medicare as the primary payer, even after accounting for geographic region and multiple patient characteristics. We conducted multiple sensitivity analyses and consistently found that patients receiving hemodialysis in for-profit facilities had a significantly higher rate of hospitalization. Furthermore, specific types of hospitalization (which we considered potentially modifiable by facility practices) were observed at higher rates in patients on hemodialysis receiving care in for-profit dialysis facilities.
Our study is one of relatively few to examine differences in hospitalization by profit status. Lee et al. found that Medicare beneficiaries in for-profit dialysis facilities spent on average 17% more days in the hospital (roughly equivalent to 3 days annually) compared with patients in nonprofit facilities (6) . Other studies have examined the association between profit status and death, with mixed results (3, 7, 10, 11) . Proposed mechanisms by which profit status and organizational structure may be linked to adverse outcomes include differences in staffing, training level of staff, and specific differences in treatment or processes of care such as hemodialysis session length and medication dosing protocols (3, 12) . Studies conducted in the 1980s and 1990s found that for-profit dialysis facilities compared with nonprofit facilities provided a higher number of treatments after accounting for labor and capital resources and shorter dialysis treatments (13, 14) . These differences, in combination with other unexamined processes of care, may explain observed differences in rates of hospitalization. It is interesting that we observed significant differences in hospitalization rates related to profit status only among patients on hemodialysis, whose care might be more facility dependent than that of peritoneal dialysis patients, owing to more frequent visits. Because for-profit facilities have changed considerably over the past decade, as a result of industry consolidation, economies of scale, and coordinated efforts to reduce errors (e.g., by establishing uniform protocols and electronic health records), we believed that re-examining outcomes was critical, because these changes might have eliminated or reversed previously reported differences between outcomes of for-profit and nonprofit dialysis care. Our findings highlight the need to examine whether there are processes of care that differ by profit status or organizational structure and whether these processes are modifiable risk factors for hospitalization, particularly among patients on hemodialysis. Clinical areas of interest include session length for patients on hemodialysis, cycler versus noncycler use for patients on peritoneal dialysis, management of volume and dry weight assessment, staffing models, physician practices, the culture of safety within dialysis facilities, and differences in preventive care within dialysis facilities. Understanding these differences may have a significant positive effect on patient outcomes and reduce the overall cost of caring for patients on dialysis. In terms of cost, inpatient services accounted for a staggering 38% of Medicare expenditures on ESRD in 2010-a higher percentage of Medicare spending than outpatient care (34%) or physician and supplier costs (21%) (5). Our study has several strengths. It is one of few studies to examine profit status and the rate (risk) of hospitalization. Our study examined a large cohort of Medicare Part A and B beneficiaries newly starting dialysis, representing a large proportion of the current dialysis population. Furthermore, we conducted multiple sensitivity analyses to assess the robustness of our findings. In companion analyses, we also identified specific types of hospitalization in patients on hemodialysis that warrant further attention including heart failure and volume management and dialysis accessrelated hospitalizations.
Our study also has important limitations. We cannot exclude that some or all of the observed differences between for-profit and nonprofit facilities relate to residual confounding (unmeasured or misclassified confounders) or unmeasured disease severity among factors for which we did adjust. We only examined free-standing dialysis facilities; thus, our conclusions should not be generalized to hospital-based facilities. Our findings are only generalizable to Medicare Part A and B beneficiaries with Medicare coverage by day 91 of dialysis. Whether the same findings would be observed in patients with employer-based group health plans or those who are not eligible for Medicare is unknown. Our study cannot establish causality and cannot determine reasons for the observed differences due to limitations in administrative data. Finally, we had available data through 2009. Since 2009, practices have continued to evolve, with large for-profit dialysis organizations implementing quality improvement initiatives focused on extracellular volume management (15) , reduction of tunneled dialysis catheter use, and the expansion of programs that focus on the first 120 days of dialysis as a high-risk period (16) . Furthermore, a special feature (17) and commentary (18) published in CJASN in 2011 and 2012, respectively, outlined and advocated for a new pathway of care for patients on dialysis with the goal of improving outcomes and quality of life, including greater attention to volume management, reduction in tunneled catheter use, comprehensive and focused care in the first 90-120 days of dialysis, and prevention of infection. Understanding how widespread implementation of quality initiatives and changes in processes of care affect outcomes will be critical in the coming years.
Our study cannot examine in detail the process of patient selection of and physician referral to dialysis facilities. On the basis of our experience, outpatient dialysis facility selection may be influenced by the following: proximity of the dialysis facility to a patient's home, referring physician affiliation with local dialysis facility, region and residence (with some areas having few dialysis facilities to select from), availability of the patient's desired dialysis schedule, and facility layout and amenities (e.g., personal television). Overall, we have no reason to expect that patient choice of facility is associated with the outcomes examined herein. In our cohort, regional differences were observed with a higher percentage of patients on the West coast receiving care in nonprofit dialysis facilities. In addition, patients receiving care in nonprofit dialysis facilities appeared to have worse baseline health, a difference that would have been expected to bias our results in the opposite direction of that observed (i.e., patients in nonprofit facilities would have been expected to have higher hospitalization rates given worse baseline health).
In conclusion, care in for-profit dialysis facilities was associated with higher RRs of hospitalization in patients on hemodialysis. These findings highlight the need to carefully examine facility characteristics-in for-profit and nonprofit facilities alike-related to hospitalization. Modifying processes of care that contribute to higher rates of hospitalization should enhance the health and well-being of patients on dialysis, and should in turn reduce ESRD program expenditures. TR000153), as well as a research grant from Dialysis Clinic Inc. The funding sources were not involved in design and conduct of the 
